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Seventeen Ohio soybean cultivars were characterized for their 
isoflavone and antioxidant activities for possible use as health-promoting 
ingredients in food products. Isoflavone content was determined by C18
reverse-phase high performance liquid chromatography (HPLC) coupled 
with a photodiode array detector. Antioxidant activities of soybean 
extracts were measured using 2,2-diphenyl-1-pycryl-hydrazil (DPPH) and 
a photochemiluminescence (PCL) methods. Total phenolic compounds 
(TPCs) in soybean extract were also measured. The highest and lowest 
total isoflavone content in aglycone equivalent were 304.7 and 111.0 
mg/100g soy, respectively, while the average content was 186.3 mg/100g 
soy. Antioxidant activities of soybean extracts ranged from 7.51 to 12.18 
µmol butylated hydroxytoluene (BHT) equivalent/g soy using the DPPH 
method.  Lipid- and water-soluble antioxidant activities of soybean 
extracts determined using the PCL method ranged from 2.40 to 4.44 µmol 
Trolox equivalent/g soy and from 174.24 to 430.86 µmol ascorbic acid 
equivalent/g soy, respectively. No significant correlation between 
isoflavone content and antioxidant activities were found. TPCs in soybean 
cultivars showed a weak correlation with total isoflavone content 
(R2=0.40). Five Ohio soybean cultivars containing high isoflavone content 
and/or high antioxidant activities were identified as possible ingredients 
for value-added soy-based foods. 

• Consumptions of soybeans and soy products have been associated with 
reducing the risks of various cancers1,2. 

• The health promoting activity associated with soy consumption is
attributed to the presence of isoflavones. The structural similarities of 
isoflavones to naturally occurring estrogens may protect hormone-
dependent cancers by modulating activity of estrogen1. 

• Antioxidant properties, especially radical scavenging activities, are 
important due to the deleterious role of free radicals in foods and in the 
body. 

• Free radicals have been associated with the aging process and age-
related diseases, oxidation of lipids in foods, deterioration of food quality 
and consumer acceptance3. 

• Western style diet is lacking in acceptable products containing soy4. 

• Strategy � increase the use of soy by incorporating soy-based 
ingredients into traditional products in the Western diet. 

• Selecting for soybean cultivars containing high isoflavone content and/or 
other health promoting compounds such as antioxidants, may enhance the 
health benefit effects of food products. 

• Soybean is one of the most important crops in Ohio and the leading 
grain crop in area planted5. However, systematic characterizations of 
isoflavone content and antioxidant activities in Ohio soybean cultivars have 
not been reported. 

Figure 1. Representative HPLC chromatogram of isoflavones in 
soybeans. Coefficient of variations for the isoflavone analysis of each 
soybean variety was less than 5% (n=4). 
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1. Five Ohio soybean varieties, ‘HF99-019’, ‘Dwight’, ‘HS93-

4118’, ‘OHFG1’ and ‘HF01-0019’ were identified as possible 
ingredients for health promoting food products due to their high
isoflavone content and/or high antioxidant activities.

2. Isoflavones in soybean may not be an effective form of 
antioxidants or may not be effective free radical or superoxide 
anion scavengers. 

3. Other compounds soluble in the soybean organic extract may 
play a role in free radical or superoxide anion scavenging 
antioxidant activities.

The objectives of this study were to determine the isoflavone content, 
and antioxidant activities of 17 Ohio soybean cultivars and to identify the 
soybean cultivars with high isoflavone content and/or high antioxidant 
activities for further processing into food ingredients of soy-based 
functional foods. 

Antioxidant measuring methods
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Figure 2. Total isoflavone content of selected soybean varieties. 

The highest and lowest total isoflavone content were 304 and 111
mg/100 g soy, respectively, while the average was 186 mg/100 g soy.
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Table 2. Antioxidant activities and total phenolic compounds of 17 
Ohio soybean cultivars. 

Table 1. Correlation coefficient (r) among isoflavone content, antioxidant 
activities, total phenolic compounds in soybeans. 

Total isoflavone DPPH

Lipid-solubleContent scavenging 

Total isoflavone   * +0.004 +0.002     +0.400

DPPH scavenging * +0.027 +0.027

Lipid-soluble antioxidant activity * +0.250

a PCL method Total phenolic

compoundsWater-soluble

Water-soluble antioxidant activity

+0.049

+0.001

+0.394

* +0.001

Data in Table 1 indicated that isoflavones may not be effective free 
radical or superoxide anion scavengers.

‘ACW’ and ‘ ACL’ are measuring modes for water-soluble and lipid-
soluble antioxidant activities, respectively. 

PCL method measures the luminescence from luminol, a photosensitizer, 
that generates superoxide anion when exposed to UV light. Antiradical 
substances react with the superoxide anion and remaining luminescence 
is detected7. 
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OBJECTIVES

Organic 
extract of 
soybeans

DPPH method
To evaluate the free radical scavenging effectiveness 
of various flavonoids and polyphenols6. 

Photochemiluminescence
(PCL) method

Total phenolic compounds

Sample preparation and Isoflavone analysis

Organic solvent 
extraction

Soy meal 
preparation

Reversed-phase high performance liquid chromatography
with a photodiode array detector (HPLC-PDA)

Stationary phase :
4 µm Waters Novapak C18 
(150 x 3.9 mm I.D.)

Mobile phase : 
A: 1% (v/v) acetic acid in water 
B: 100% acetonitrile
flow rate: 0.6ml/min

Cultivars Antioxidant activities Total phenolic 
DPPH method* PCL method compounds‡

Dilworth 7.51 a 3.19 211.02 6.36a

Dwight 12.18b 4.44 260.96 8.01b

HC95-1503 10.82c 4.17 353.46 6.84a

HF01-0019 9.25 d 4.58 430.86 5.89c

HF02-0218 9.61 d,e 3.55 223.08 5.39d

HF9662-2-15 9.54 d,e 3.43 203.28 5.48d

HF9667-2-4 10.14e,f 3.43 190.00 5.22d

HF99-019 9.45 d,e 3.42 232.38 7.27e

HS93-4118 11.79b 3.10 183.96 6.65a

HS96-3145 10.05e,f 2.85 320.24 4.54f

HS96-3850 10.46f,g 3.07 300.08 4.98f

HS98-3754 10.59g 3.07 274.44 5.33d

HS98-3755 10.77g 3.84 338.12 5.51d

HSO3274 9.73
de

2.40 192.24 5.62
d

OHFG1 9.58 d 3.76 320.40 5.68d

OHFG3 10.31e 3.02 191.28 5.66d

PANA 10.42c 3.00 174.24 5.47d

Average 10.13 3.43 255.65 5.88

*: unit: µmol BHT equivalent/g soy, †: unit: µmol Trolox equivalent/g soy, ?: unit: µmol Ascorbic acid equivalent/g 
soy, ‡: unit : mg (±)catechin equivalent/g soy, Bold character: the highest content among varieties, Italic 
character: the lowest content among varieties. Coefficient of variation of antioxidant analysis was less than 5 
%. Different superscripts are significant among varieties (P<0.05).

Lipid-soluble† water-soluble?


